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The occurrence of a wide range of climatic conditions within 
the same latitudes during successive geological periods, is probably 
better illustrated on the Australian continent than on any other 
portion of the earth's surface. In Australia there have been 
three well-defined periods of glaciation, separated from each other 
by great intervals of time — Cambrian, Permo-Carboniferous, and 
Pleistocene. In each case the evidences of ice action are of con- 
siderable extent, all the distinctive features usual to areas that 
have undergone glaciation are unmistakably present, and in many 
instances the features are so clear and typical that it is difficult to 
realize the remote age of the ice marks. The purpose of the present 
paper is to give a brief summary of the main features of these 
extinct glacial fields of Australia. 

CAMBRIAN GLACIATION 

The Cambrian system is more fully developed in the state of 
South Australia than in any other part of the Australian continent, 
and forms the highlands running north and south from Kangaroo 
Island to Lake Eyre. A geosyncline was formed at the beginning 
of the Cambrian period, by the sinking of the old pre-Cambrian 
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floor below sea level. Then sedimentation followed, and there was 
laid down a great series of beds that reached forty or fifty thousand 
feet in thickness. 

The upper members of the series are characterized by purple 
sandstones and slates, quartzites, and numerous limestones, the 
whole being, typically, of a dark chocolate or purple color. Some 
of the limestones are highly fossiliferous, and contain, among others, 
representatives of the following genera: Olenellus, Ptychoparia, 
Dolichometopus, Microdiscus, Leperditia, Stenotheca, Ophileta, Platy- 
ceras, Hyolithes, S alter ella, Atnbonychia, Obolella, Orthis, Orthisina, 
Hyalostelia, Girvanella. A limestone, near the upper limits of the 
series, consists almost .entirely of Archaeocyathae, forming a "coral" 
reef 200 feet in thickness. 

The lower members, beginning with the Brighton limestone, 
near Adelaide, show the following succession in descending order: 
Brighton limestone, Tapley's Hill ribbon-slates, Glacial till, Glen 
Osmond slates and quartzites, Upper phyllites, Black Hill (thick) 
quartzite, Lower phyllites, River Torrens limestone, Basal grits 
and conglomerates resting unconformably on a pre-Cambrian com- 
plex. The lower Cambrian beds are apparently destitute of organic 
remains, except for a few obscure traces of Radiolaria in the 
siliceous limestones. 

From the above order of succession the stratigraphical position 
of the glacial deposits is perfectly clear, and from their superior 
hardness, and association with an underlying quartzite, they form 
parallel ridges, being repeatedly brought to the surface by synclinal 
and anticlinal folds. The beds extend from near the south coast, 
for several hundreds of miles northward into the interior, having 
been traced as far north as Hergott (29^° S. lat.) ; and in an east- 
and-west direction, from Port Augusta, at the head of Spencer 
Gulf, eastward to the Barrier ranges in New South Wales, a 
distance of 200 miles. 

Throughout this great extent of country the glacial beds pre- 
serve a remarkably uniform character. They attain a thickness 
of 1,500 feet, and for the most part consist of a bowlder clay or till, 
having a mudstone base which is gritty, and carries stones, irregu- 
larly disposed and of all sizes, up to 9 feet in diameter. The bowlder 
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clay sometimes passes into a coarse, angular grit in irregular 
masses; or includes sandstones, slates, and thin gritty limestones. 
The included stones are of the nature of erratics, being foreign 
to the localities in which they occur. They exhibit a great variety 
of types, such as granites, gneisses, and other granitoid rocks, 




Fig. i. — Cambrian glacial till (showing erratics of granite, gneiss, quartzite, etc.). 
Sturt Valley, S. Aus. /. Greenlees, photo. 

quartzites, porphyrites, schists, etc., some of which cannot be 
referred to any locality within the limits of South Australia (see 
Fig. 1). 

The very close resemblance which this ancient till bears to ice 
deposits of a recent date is at once recognized by the experienced 
observer, but the glacial origin of the beds was not taken as proved 
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until the discovery of subangular erratics, faceted and ice-scratched, 
placed the question beyond doubt. These glaciated stones are not 
at all uncommon, and can be obtained from most of the outcrops 
of the till (see Figs. 2 and 3). 

The Lower Cambrian of South Australia has, in many places 
been subjected to considerable pressure and deformation. These 
diastrophic movements have affected the glacial beds in various 
ways. The mudstone has developed a rough kind of cleavage 
which causes the beds to weather into flaggy masses, at a high 
angle to the bedding plane, while the rock exfoliates in flakes 




Fig. 2. — Glaciated erratic (quartzite) from Cambrian till, north of Petersburg, 
S. Aus. f natural size. W. Howchin, photo. 

parallel to the cleavage. The lateral pressure has produced some 
interesting effects with respect to the included erratics. Those 
which possess unequal diameters have been caused to rotate in 
their beds until the longer axis of the stone has been brought into 
line with the planes of cleavage. This movement of the stone in 
its bed has produced a kind of laminar investment around the stone, 
imparting to the latter a skin of sericitic mica. Some of the stones 
show evidences of abrasion and carry pressure striae. This pres- 
sure striation can be easily distinguished from glacial striae. The 
former occurs as parallel lines, often raised, and covering most, 
if not all, the surface of the stone, and not unfrequently radial 
in direction; while the glacial striae are in the form of single 
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scratches, cross each other in various directions, and are cut into 
the stone to varying depths. Most of the elongated erratics are 
fractured transversely, with numerous gaping fissures which are 
sometimes filled with fibrous quartz (illustrated in Fig. 1). These 
fractures have probably resulted from strain acting along the 
planes of cleavage which has pulled the stone apart in successive 
planes. 

It is a somewhat difficult task to restore, in imagination, the 
physiographical conditions that prevailed at the remote period 




Fig. 3. — Glaciated erratic (quartzite) from Cambrian till, Umberatana, Flinders 
Range, S. Aus. \ natural size. W. Howchin, photo. 

when this morainic material was laid down. From the nature of 
the evidence it is believed that the chief agent involved in laying 
down so vast a sheet of glacial debris was floating ice in an open 
and extensive sea. This sea was probably bounded on the south 
and west by moderate highlands, consisting of pre-Cambrian 
(Algonkian) quartzites, schists, limestones, and other sediments 
with exposed igneous batholiths and dikes of varied types. The 
pre-Cambrian complex had been subjected to great waste and 
was probably in the form of subdued relief at the time of the Cam- 
brian glaciation. Remnants of this pre-Cambrian continent are 
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found in the geological axes of the Mount Lofty ranges, Yorke 
Peninsula, and Kangaroo Island; the crystalline ranges of Eyre 
Peninsula, the porphyrite outcrops of the Gawler ranges, and the 
igneous and metamorphic plateau of Western Australia. 

In no instance has a glaciated floor been observed, the occurrence 
of which would suggest the probability of ice action above sea 
level. The absence of such an ice-marked floor, over the area in 
question, is not, however, to be wondered at when in no case have 
the glacial deposits been discovered in contact with a pre-Cambrian 
surface. The Cambrian till is found resting conformably on lami- 
nated quartzites in an orderly succession, and while the junction 
between the respective beds is always sharp and decided, it seems 
moderately certain that the glacial debris was laid down on a 
floor of contemporary marine deposits — in which case the agent 
of distribution must have been floating ice. This view is supported 
by the fact that the glacial material forms, practically, one con- 
tinuous sheet, spread over an immense extent of country, and 
maintains a remarkable uniformity as to thickness, lithological 
characteristics, and types of erratics throughout its entire extent. 
At the same time it is very probable that the ice-field was at no 
great distance from this area of deposit. Two glaciated erratics, 
composed of a very characteristic graphic granite occurring in the 
pre-Cambrian series of Yorke Peninsula, were found by the writer 
in the till on the Petersburg ranges, their probable source being 
150 miles to the southwest of where they were discovered. Among 
the erratics contained in the till, one of the most abundant is a 
porphyrite, which appears identical with the rock which comprises 
practically the whole of the Gawler ranges situated due west of 
the glacial deposit (I). 

PERMO-CARBONIFEROUS GLACIATION 

In its variety of features, wide distribution, and stratigraphical 
development, this must be regarded as by far the most important 
of the three periods of glaciation in Australasia. Glacial deposits 
of this age are represented in each of the Australian states, in- 
cluding Tasmania. In South Australia and Victoria the evidences 
are conclusive for the existence of land-ice during the Pernio- 
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Carboniferous period, while in the case of the other states the 
morainic material is at places intermixed with sediments contain- 
ing remains of marine organisms which suggests a distribution, in 
part, by means of floating ice. 

SOUTH AUSTRALIA 

The earliest recognition of ice-marks, on the Australian con- 
tinent, was made by A. R. C. Selwyn in 1859, when engaged by 
the South Australian government to make a geological reconnais- 
sance of the country. In his official report he said: 

At one point in the bed of the Inman I observed a smooth striated and 
grooved rock surface, presenting every indication of glacial action. The bank 
of the creek showed a section of clay and coarse gravel or drift, composed of 
fragments of all sizes, irregularly imbedded through the clay. The direction 
of the grooves and scratches is east and west in parallel lines, or nearly at 
right angles to the strike of the rocks; and though they follow the course of 
the stream, I do not think that they could have been produced by the action 
of the water, forcing pebbles and boulders detached from the drift, along the 
bed of the stream. This is the first and only instance of the kind I have met 
with in Australia, and it at once attracted my attention — strongly reminding 
me of the similar markings I had so frequently observed in the mountain 
valleys of North Wales. 

Selwyn offers no suggestion as to the age of the glaciation. 

Eighteen years later (1877) the late Professor Ralph Tate 
(IV), of the University of Adelaide, announced his discovery of a 
glaciated pavement at Hallett's Cove, situated on the coast, 15 
miles south of Adelaide and 30 miles north of the glacial discovery 
made by Selwyn. The polished and striated surfaces are exposed 
at intervals, for about a mile on the top of the sea cliffs consisting 
of purple slates and quartzites of Cambrian age. Tate, in the 
first instance, considered the glaciation to be synchronous with 
the Pleistocene glaciation of the northern hemisphere; but this 
view, on further evidence, was shown to be incorrect. 

The Hallett's Cove glaciated surfaces are of a roche moutonnee 
type, extending inland for a quarter of a mile, and are covered 
with glacial drift, which, again, is overlain by marine beds of 
Miocene age. The morainic material fills in an excavated valley 
in the Cambrian beds, forming the "Cove," and while giving a 
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thickness of ioo feet above sea level, passes under water to an 
unknown depth. The glacial deposits consist mainly of a bowlder 
clay carrying erratics of all sizes up to many tons in weight. Many 
of the included stones are powerfully glaciated. 

It was subsequently found that Halle tt's Cove glacial features 
represented only a small outlier of a glacial field of far greater 
extent. In 1897, Professor T. W. E. David and the writer visited 
the Inman Valley with a view to the rediscovery of Selwyn's 
" glaciated rock. " Near the seventh milepost from Victor Har- 
bor a very fine polished, grooved, and striated surface of hard 
quartzite was discovered partly bared in the banks of the Inman 
River. At the same time numerous large erratics, foreign to the 
locality, were seen either fixed in bowlder clay, or distributed along 
the hill sides adjacent to the river. The river bed was also, in 
places, thickly strewn with these erratics, some of immense size, 
washed out of the adjacent clay. 

As the result of observations, spread over a number of years, 
it is possible to gather some general ideas of the magnitude of the 
ice-flood. A sheet of morainic material, accompanied in many 
places with transported stones of large size, covers most of the 
southern portions of South Australia, east of Spencer Gulf; 1 includ- 
ing the southern half of Yorke Peninsula, Kangaroo Island, and 
Cape Jervis Peninsula from the Willunga ranges on the north to 
the sea on the south and the Murray plains on the east, an area 
that may be roughly estimated as 100 miles by 130 miles. It is 
highly probable that these deposits formerly extended much 
farther north than their present occurrences, for outliers of the 
till are found in sheltered situations along the shores of Gulf 
St. Vincent and have been proved by borings to extend to a great 
depth below its waters. Important tectonic movements, in late 
Cainozoic times, brought these beds, in their northern extension, 
under conditions of rapid waste, which has probably led to the 
wiping out of the evidences of their occurrences in that direction. 

In one respect the South Australian Permo-Carboniferous 
glaciation possesses a distinctive feature of gi;eat interest, inas- 

1 Eyre Peninsula, on the west side of Spencer Gulf, has not up to the present 
been examined for the discovery of glacial evidences. 
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much as the old glacial topography and surface features have 
been largely preserved, to the present day, throughout hundreds 
of square miles of country. This remarkable preservation of very 
ancient land forms has followed from a series of fortunate circum- 
stances: first, because the original relief became protected by 
vast accumulations of transported material; and, second, because 
throughout most of the Cainozoic periods the glaciated area was 
below sea level and thereby became further protected by marine 
deposits. No important lateral movements occurred during the 
intervals to disturb the horizontality of the beds. An elevation 
took place in late Cainozoic times, with the result that the marine 
deposits have all but disappeared from exposed situations; and 
now, with the further erosion of the underlying morainic material, 
the old-world hills and valleys, that had been carved into outline 
by an ice-sheet in late Paleozoic times, are slowly being unbur- 
dened and once more make the surface features. The conditions 
that prevailed over this area during Mesozoic times are doubtful. 
No rocks of the latter age are known to exist in the southern 
portions of South Australia, but the preservation of the glacial 
beds, dating from pre-Mesozoic times, would seem to indicate 
that during those periods the beds must have been either at, or 
below, base level. 

It is possible to gather a rough idea of the land features as they 
existed in southern Australia during this ice period. It is clear, 
both from the direction of the striae and the dispersal of the erratics, 
that the ice-sheet came from the south. At that time the main 
axis of elevation was to the south of the present continent, with 
upland valleys that opened out toward the north. Remnants of 
such uplands are preserved in the great granitic zone, the northern 
margin of which is seen in the prominent headlands and coasted 
islands. These southern highlands probably disappeared, in the 
main, when by a great Senkungsfeld along the southern limits of 
the continent, in early Cainozoic times, the land became submerged 
and admitted the sea over a wide belt of country. That this old 
watershed of the south had become greatly reduced — probably to 
an elevated plateau — at the period of glaciation, is suggested by 
the preponderating number of granitic rocks among the erratics. 
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Earth movements that have- subsequently transpired have, in 
places, obscured the evidences of glaciation. A regional uplift, 
followed by extensive block faulting, occurred during the later 
Cainozoic times, when the Willunga and Mount Lofty ranges 
were elevated, and Gulf St. Vincent was developed by a series of 
trough faults. The effect of these movements has been to remove, 
through waste, the greater part of the morainic material from the 
elevated plateau, but at the same time the Senkungsfeld of Gulf 
St. Vincent has tended toward their preservation. A government 
bore put down, recently, at sea level, near Kingscote, Kangaroo 
Island, proved the glacial beds from the surface down to a depth 
of 1,094 feet, where they rest on Cambrian slates. 

While it is clear that the ice, in some of its stages, was sufficiently 
thick to pursue a course quite independent of the local contours, 
the valleys have retained the greatest evidences of ice erosion. It 
is probable that the main glacier, within the area now under descrip- 
tion, flowed down an upland valley that was in later times sub- 
merged through the land receiving a tilt to the south, and is repre- 
sented by Gulf St. Vincent at the present time. The bore at 
Kingscote, just referred to, probably penetrated this main valley, 
choked with its morainic material. 

The more interesting features of the glacial field are associated 
with what must be regarded as a glacier tributary to that which 
filled the depression of the Gulf. This tributary glacier occupied 
a wide valley, now drained by the Hindmarsh and Inman rivers 
and the Back Valley creek, together with their intermediate ridges, 
having an average width of 5 miles. The valley, at present, is 
truncated by the sea at its southern end, and follows a north- 
westerly course, up stream, passing over the present watershed 
of the Bald Hills and unites with the sea again at Normanville, 
on Gulf St. Vincent, having a land course of about 20 miles. 

The great interest attaching to the valley of the Inman, is in 
the glacial topography which it exhibits in very remarkable fea- 
tures throughout. The deepest floor of the valley, so far as at 
present known, was proved by a bore in Back Creek valley which 
penetrated 964 feet before touching bed rock and was in glacial 
till, sandstones, and bowlders throughout. This depth, added to 
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the height of the morainic material within the valley, gives a 
thickness of not less than 1,500 to 1,600 feet for the deposit. 




Fig. 4 —Polished, grooved, and striated pavement, 100 yards in length, covered 
by 9 feet of bowlder day that contains erratics up to several feet in diameter. Exposed 
by a recent washout that cuts through the till down to the glaciated floor. The pave- 
ment is also seen in adjacent washouts proving the glaciated area to be over an acre 
in extent. Inman Valley, S. Aus. W. Howchin, photo. 

The Inman Valley is bordered on either side by ranges of Cam- 
brian and pre-Cambrian rocks, which form upland plateaus from 
1,000 to 1,800 feet high. While glacial evidences are not absent 
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from these highlands, the most striking features are developed 
within the valley proper. The spurs of the ranges are rounded, 
truncated, and shouldered in a very characteristic manner. The 
prominent points of the piedmonts, as well as the inliers of hard 
rock showing above the glacial deposits of the valley, are strongly 
glaciated, exhibiting roche moutonnee outlines on a large scale, 
and in many places showing polished and deeply scored surfaces 
(see Fig. 4). The crag and tail outline is always present in these 




Fig. 5. — Permo-Carboniferous roche moutonnies, of quartzite (partly quarried) 
at the entrance to the Inman Valley. The intermediate country, of scrub land, con- 
sists of glacial deposits, and, in the distance, is seen the gigantic roche moutonne'e of 
Crozier's Hill. W. Howchin, photo. 

rounded hummocks. The Stossseite maintains a gradual slope 
while the Leeseite is abrupt and broken, as when "plucked" by 
ice movements. The southern entrance to the valley is marked 
by two striking roches moutonnees surrounded by glacial till with 
granite bowlders, partly exposed, up to 9 feet in diameter (see Fig. 5) . 
Crozier's Hill, 520 feet high, situated near the middle of the 
valley, is another striking example of the same kind. Strangways 
Hill, a prominent spur, nearly 900 feet high, on the northern side 
of the valley, was in the direct path of the glacier, but failed to 
divert its flow, as evidenced by powerfully glaciated pavements 
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on both sides of the hill, the striae in each case showing that the 
ice took a direct course over the ridge (see Fig. 6). The Bald 
Hills, which form the present water-parting between the two seas, 
were also overflowed by the ice-sheet. The summit and western 
side supply abundant evidences of this in ice-polished surfaces, 
glacial till, and large erratics. 




Fig. 6. — Very strongly glaciated Pernio- Carboniferous pavement of siliceous 
quartzite, 9 feet by 3 feet, on the southern slope of Strangway's Hill, Inman Valley. 
The striated floor, which is of unknown extent, is covered with bowlder clay, and the 
photographed portion was freshly uncovered by the writer. W. Howchin, photo. 

The morainic material originally filled up all the inequalities 
of surface, reaching up to the level of the plateau country, some 
1,500 feet above present sea level. This, with the 1,094 feet in 
the Kingscote bore near sea level, gives a total thickness for the 
glacial deposits of about 2,500 feet. If the trough-fault of Gulf 
St. Vincent extends to Kingscote, it is possible that these figures 
are too high, being exaggerated by such faulting. 
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The glacial deposits vary from a stiff blue clay to sandstones. 
The clay is often gritty and carries pockets of sand and stones, 
with isolated larger stones up to 20 feet in diameter. Many of the 
included erratics are strongly glaciated (see Fig. 7). The sand- 
stones are of very unequal hardness, varying from a loose friable 
stone to a highly indurated or siliceous rock, and are often pebbly. 




Fig. 7. — Glaciated erratic of quartzite, taken from Permo-Carboniferous bowlder 
clay, in washout at Poole's Flat, near Norman vilie, S. Aus. £ natural size. W. How- 
chin, photo. 

The planes of deposition are distorted in places and the microscopic 
structure of the stone gives striking contrasts. In the same section, 
highly rounded quartz grains are mixed with angular and splintery 
quartz, and in some cases the stone is entirely composed of the 
latter. The ground mass consists of exceedingly minute fragments 
of comminuted quartz known as " rock-flour." The sandstones 
are quarried in places for road metal and building stones. The 
sandstones are mostly characteristic of the upper members of the 
series and the bowlder clays of the lower. In the extensive dis- 
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tricts of Mount Compass and the River Finniss the bowlder clays 
form broad valley flats, which, from their retention of water, give 
rise to numerous swamps. 

The geological age of the South Australian beds is largely a 
matter of inference. They rest on a Cambrian or pre-Cambrian 
floor, and are overlain in places by marine deposits of Lower 
Tertiary age, the latter resting on the eroded surfaces of the tillite. 
In lithological characteristics the South Australian deposits show 
a close resemblance to the Victorian glacial beds, the age of which 
can be demonstrated. This, together with the impossibility of 
finding any other glacial horizon in Australasia with which the 
beds in South Australia can be synchronized, forms the basis on 
which the deductions as to age have been made (IV-XII). 

VICTORIA 

The first observations of glacial evidences in Victoria were 
made by Mr. (Sir) Richard Daintree, a member of the Geological 
Survey, who in 1866 reported the occurrence of glacially striated 
pebbles in the valley of the Lerderberg River, near Bacchus Marsh. 
Little notice was taken of this discovery till 1890, when Mr. E. J. 
Dunn, now director of the Victorian Geological Survey, read a 
paper on the subject before the Australian Association for the 
Advancement of Science (XIII). Two years later the same author 
published a more particularized account of similar glacial beds 
occurring in Wild Duck Creek, in the Heathcote district (XIV). The 
Victorian Permo-Carboniferous beds have been further described 
by Messrs. Officer and Balfour (XV), Messrs. Sweet and Brittlebank 
(XVI), and others. 

The localities where the glacial beds are developed are both 
numerous and widely distributed, but in no one case cover a very 
large area. They occur on both sides of the Dividing Range, in 
basins and protected situations, as fragments of what once must 
have been a widely extended sheet of drift. The chief localities 
on the north side of the Dividing Range are in the districts of 
Springhurst and Beechworth, near the northeast borders of Vic- 
toria; the neighborhood of Greta, where a number of isolated 
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outcrops occur; Wild Duck Creek and neighborhood, near Heath- 
cote; and still farther to the west, at Bendigo and the Loddon 
Valley, where the glacial beds outcrop in the creeks and are also 
met with in sinking on the deep leads, underlying basalt. On the 
south side of the divide the principal localities are grouped near 
Bacchus Marsh, adjoining the Adelaide and Melbourne Railway, 
with excellent sections in the valleys of the Lerderberg River, 
Myrniong Creek, and the Korkuperrimal Creek. 

The glacial beds rest unconformably on Ordovician and Silurian 
rocks, which, in both the Heathcote and Bacchus March districts, 
exhibit polished and striated pavements. The beds of the Wild 
Duck Creek section are 400 feet in thickness and can be traced 
for more than 15 miles in length. The till carries numerous 
erratics, some of which are estimated to weigh 20 to 30 tons. 

In 1896 Professor T. W. E. David published a comprehensive 
description of the Bacchus Marsh area, accompanied by detailed 
sections (XVIII). The glacial beds are characterized by hard 
and soft mudstones, conglomerates, and sandstones, having a pre- 
vailing dip ranging from 15 to 6o°, and an estimated thickness of 
2,000 feet. The mudstones or bowlder beds have the appearance 
of a typical tillite, and in their softer portions might have been 
mistaken for a Pleistocene glacial till. These mudstones make up 
the greater part of the section and are interstratified with thinnish 
sandstones. The thickest till bed in the series, according to David, 
measures 193 feet. The included erratics are very plentiful, 
exhibit a great variety of lithological types, and, in many instances, 
are irregularly worn, smoothed, soled, and striated (XVIII, p. 297). 

The Bacchus Marsh section passes up into variable sandstones 
carrying, in places, patches of conglomerate. These sandstones 
are of considerable interest as they contain plant remains which 
determine the age of the beds. Among these are three species of 
Gangamopteris, and at a somewhat higher horizon, Zeugophyllites, 
Schizoneura, and others. These remains, taken in conjunction 
with their occurrences in other parts of Australia, determine the 
beds to be of Permo-Carboniferous age. 

The evidence that the glaciation of Victoria in Permo- 
Carboniferous times was effected above sea level and by land-ice 
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seems conclusive. There is an entire absence of marine deposits 
throughout the sections, while the existence of polished pavements 
in suitable situations beneath the bowlder clay cannot well be 
explained by any other hypothesis. 1 In this particular the Victorian 
glaciation agrees with the South Australian of the same age, but there 
has occurred in the sequel a greater tectonic activity in Victoria than 
in South Australia, which has disturbed the surface contours and 
wiped out most of the contemporaneous glacial topography that 
is so striking a feature in South Australia. 

TASMANIA 

Rocks of Permo-Carbonif erous age are very generally distributed 
throughout Tasmania. They give evidence of alternations of dry 
land with fresh water and shallow marine conditions. In places 
they contain productive coal measures. During the early stages 
of this geological period the present island of Tasmania formed 
part of the continental mass, and came under the glacial conditions 
which laid such a heavy hand on Australia at that time. 

The locality most favorable for the study of the glacial beds of 
Tasmania is on the north coast, in the neighborhood of Wynyard, 
where for a distance of five miles the bowlder beds are exposed 
along the beach. The beds dip at rather a low angle (s°-io°), 
have a thickness of over 1,200 feet, and are overlain by fossilif erous 
beds of Eocene age. The beds, which have been worked out in 
great detail by Professor T. W. E. David (XXIII), consist, lithologi- 
cally, of characteristic tillites and conglomerates, all of which 
carry glaciated stones in greater or less numbers; and these are 
interbedded by thinner members consisting of sandstones and 
laminated shales. No glaciated floor has been discovered either 
here or elsewhere in Tasmania. The rotten Ordovician slates, on 
which the beds rest at Wynyard, are unsuited for the preservation 
of such a smoothed pavement, but the entire absence of marine 
remains throughout the very thick glacial series suggests the 
terrestrial origin of the deposits. 

1 A polished surface beneath the bowlder clay in the Bacchus Marsh district is 
figured by Gregory, in his Australasia, p. 41 6 (Stanford's "Compendiumsof Geography," 
New Issue, 1807). 
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Among the included erratics are angular masses of slate carry- 
ing Silurian fossils. The nearest source for such erratics, according 
to Mr. W. H. Twelvetrees, is upward of 30 miles to the southwest 
of Wynyard; while examples of a pink granite, which also occurs 
as bowlders in the till, is not found nearer than the ranges, also to 
the southwest, and about the same distance away. The most 
angular blocks contained in the till consist of graptolitic slates, 
resembling the rocks of the immediate neighborhood, a strong 
argument in favor of the agency of land ice. The erratics are 
mostly of moderate size but are found up to 5 feet in diameter, 
and, on the statement of Professor David, a large proportion is 
intensely glaciated. 

An interesting feature in the Wynyard beds, discovered by 
Professor David, was the existence of striated pavements in the 
body of the till, at three distinct horizons. Concerning these he 
says, 

As a rule striated pavements were not observed in the bowlder clay where 
it was of considerable thickness, such striated pavements as were noticed 
appeared to be restricted to thin patches of bowlder clay interbedded with 

conglomerate In most cases the grooving and striation is about N. 30 

E., that direction being the lee side so that the ice in this locality evidently moved 
from about S'. 30 W. toward N. 30 E. (XXIII, p. 277). 

In the southern portions of Tasmania the Permo-Carboniferous 
glacial beds crop out at about sea level, along the intricate coast- 
line and islands of the southeast. Good sections are seen on Bruni 
Island (One Tree Point), where, Mr. R. M. Johnstone says, " water- 
worn and angular fragments of granite, altered slates, porphyries, 
quartzites, and greenstones (rocks unknown in the vicinity) are 
most abundant. Some of the blocks are huge" (XIX, p. 121). 
Similar exposures are found in Maria Island (Darlington), where 
the glacial beds are overlain by a rich marine fauna, especially 
characterized by Eurydesma cordata and Pachydotnus, typical 
Permo-Carboniferous forms of the mainland. Other localities are 
at the mouth of the Huon River, opposite Port Cygnet; and on 
the northwest coast, in the neighborhood of Strahan and north- 
ward, where the glacial outcrops have been noted by Dunn, Kitson, 
Officer, and Gregory. 



AUSTRALIAN GLACIATIONS 211 

In the majority of cases the glacial deposits of Tasmania (of 
this age) appear to have been laid down under the agency of land- 
ice, but in a few localities, as in the fossiliferous mudstones of the 
Derwent, near Hobart, sporadic bowlders occur mixed with a 
marine fauna in a way that is suggestive of floating ice. 

NEW SOUTH WALES 

The Permo-Carboniferous rocks of New South Wales occupy 
an area of about 26,000 square miles and are by far the most 
important development of rocks of this age in Australasia. They 
owe their existence to a great monoclinal fold which, on the western 
side, formed the Blue Mountains; and on the eastern, the great 
geosyncline that supplied the conditions for the building up of a 
vast coal field. This basin, including the Triassic beds which con- 
stitute the upper portion of the basin, is about 17,000 feet in thick- 
ness. 

The Permo-Carboniferous series consist of the following main 
divisions : 

1. Upper, or Newcastle Coal Measures (fresh- water beds with 
productive coal), about 1,500 feet thick 

2. Dempsey Series (fresh- water without productive coal), 

about 2,000 " " 

3. Middle or Tomago Coal Measures (productive), about .... 1,000 " " 

4. Upper Marine Series {includes the Branxton glacial beds), 

about 6,400 " " 

5. Lower, or Greta Coal Measure, about 200 " " 

6. Lower Marine Series {including several horizons of glacial 

beds), about 4,800 " " 

The flora of the fresh-water beds is especially characterized by 
Glossopteris, Noeggerathiopsis, Gangamopteris, Sphenopteris, etc., 
while the marine beds yield an abundant fauna of a distinctly 
Carboniferous facies, with such genera as Lithostrotion, Cyatho- 
phyllum, Zaphrentis, Favosites, Productus, Chonetes, Orthis, Spiri- 
fer, etc. 

Glacial erratics are met with at various horizons both in the 
Lower Marine series and the Upper Marine series, and have been 
found in many localities. The two main horizons for glacial 
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evidences are the Branxton 1 beds, in the Upper Marine, and the 
Lochinvar beds, which form the base of the Permo-Carboniferous 
rocks. 

The first definite discovery of glaciated stones, in New South 
Wales, was made by Mr. R. D. Oldham, the superintendent of 
the Geological Survey of India, who when visiting Branxton, in 
1885, was much struck with the resemblance which the beds in 
this locality bore to the Talchir glacial beds of India, belonging to 
a similar geological age, and was confirmed in this opinion by the 
discovery of a distinctly glaciated erratic which he subsequently 
described. 2 The Branxton beds are chiefly sandstones, very rich 
in Fenestellidae. Erratics occur in these beds up to 4 feet and 5 
feet in length, and frequently indent the floor on which they were 
dropped (XXVI, p. 198, pi. XXIV). 

The important exposure of glacial beds, near the township of 
Lochinvar (on the railway 102 miles north of Sydney), was dis- 
covered by Professor David and others while carrying out geological 
survey work in 1899. These beds are about 300 feet in thickness, 
and rest unconformably on rocks of Carboniferous age. They 
have a very close resemblance to the Bacchus Marsh till beds and 
contain numerous glaciated stones. David says, 

The included bowlders in the glacial beds vary in. size from a few inches 
up to about two feet. The bowlders consist of quartzite, sandstone, argillite, 
granite, diorite, greenish felsitic (?) rocks, serpentine, etc. Perhaps from 
five to ten per cent, more or less, were originally glaciated, but owing to redis- 
tribution and attrition in probably shallow sea water it is exceptional to find 
bowlders which have retained well-defined grooves or striae. The bowlders 
vary from angular to rounded, and, unlike those at Branxton and Grasstree, 
these exhibit distinct grooves as well as striae, in this respect resembling those 
of Bacchus Marsh. 

Two glaciated stones are figured by David, the one from Branx- 
ton and the other from Lochinvar (XXV, p. 154, pi. IV). The 
section (300 feet) is entirely devoid of fossil remains, but at the 
extreme top of the beds, Spirifer and Eurydesma make their 
appearance. David estimates the horizon of the Lochinvar beds 

1 Branxton is on the main north line from Sydney, in the Maitland district, and 
Lochinvar is situated on the railway, about 8 miles near er Sydney. 

2 Rec. Geol. Survey of India, XIX, p. 44. 
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to be, approximately, between 5,000 and 6,000 feet below that of 
the Branxton erratic horizon. There are, however, several other 
horizons, intermediate to those mentioned, in which glaciated 
stones occur. 

QUEENSLAND 

The equivalents of the New South Wales Permo-Carboniferous 
Coal Measures occur in Queensland as the Middle and Upper 
Bowen River series, extending from 20^° S. to 26 S. (The Lower 
Bowen beds consist mainly of igneous rocks and are referred to 
the Carboniferous.) The beds are characterized by marine sand- 
stones and shales, interbedded with fresh-water deposits and a 
few seams of rather poor coal, believed to be representative of the 
Greta Coal Measures horizon of New South Wales. Near the 
base of the series there are conglomerates, isolated pockets of 
stones, and according to Jack and Etheridge (XXVII, p. 151), 
" large isolated bowlders of granite, etc., which could hardly have 
been brought to their present positions except by glacial action, 
as they occur here and there in the midst of strata of fine sandy 
or muddy material. " 

These Queensland occurrences have not been very extensively 
examined, and the glacial evidence is not very definite, but the 
presence of stones, sporadically present in fine sediments, on the 
same horizon in which clear evidence of glacial action is present 
in other parts of Australia, offer strong presumptive evidence of a 
similar origin in the case of the Queensland beds. 

WESTERN AUSTRALIA 

The main development of Permo-Carboniferous rocks in Western 
Australia occurs to the north of Perth, in an area of variable width 
running parallel with the coast for about 450 miles. The more 
interesting localities are found on the Irwin River, Gascoyne River, 
and the Minilya River. The beds carry a marine fauna that is 
distinctly Carboniferous in type. 

In the year 1900, Mr. A. G. Maitland, government geologist, 
reported the " discovery, associated with the Carboniferous rocks 
of the Wooramel and the Minilya rivers, of an extensive deposit 
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of glacial origin" (XXVIII, p. 28), and figured four glaciated 
bowlders (plate IV) from these localities. The deposit was proved 
to exist for a distance " considerably over sixty miles." 

In Bulletin No. 10, Geological Survey of Western Australia, 
plate VI, Mr. Maitland maps the approximate line of outcrop of 
the "glacial conglomerate" between the Wooramel and Minilya 
rivers. 

Mr. Maitland, in a presidential address (XXIX, p. 146), gave 
further particulars and says, 

At the most southerly locality at which the bowlder bed has been detected 
in Wooramel Valley, the bowlders are of very large size, and are composed of 
rocks identical in character with those forming the older underlying rocks to 
the east, e.g., granite and other crystalline and metamorphic rocks. Some 
distance northward, on the Wyndham River, is a bowlder bed in the limestone 
series. The bed, which at this spot attains no greater thickness than 3 ft., 
is crowded with bowlders and pebbles of granite and crystalline rocks embedded 
in a calcareous f ossiferous matrix .... the pebbles and bowlders have a 
large proportion of smooth and polished faces. 

The same beds are further described by Maitland in their 
northern extension to the Minilya River. 

Assistant Government Geologist, W. D. Campbell, in a detailed 
examination of the Irwin River Coalfield (situated 300 miles to the 
south of the Gascoyne, where Maitland 's observations were made), 
paid special attention to the glacial beds of the section and has 
supplied interesting photographs of the features (XXX). He 
refers the glacial beds to the middle of the Permo-Carboniferous 
series, or about the horizon of the Greta Coal Measures of New 
South Wales. The erratics comprise granite, gneiss, amygdaloids, 
quartzites, sandstones, chalcedonized sandstones, and limestones, 
mostly rounded and many with smoothed surfaces and some with 
well-defined grooves and cross-scratchings, such as only glacial 
action can produce. These form in places extensive bowlder beds 
or outcrops which occur at distances of from 5 to 10 miles from the 
main granite margin. These erratic blocks are mostly identifiable 
with rocks forming the tableland eastward of the main granite 
range. The largest outcrop of the bowlder beds is on the west 
side of the Irwin River, at Nangatty, and is about 4 miles long 
and 2 miles wide (XXX, p. 39, pis. XIV-XVIII). 
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GENERAL REMARKS ON THE PERMO-CARBONIFEROUS GLACIATION 

It is quite clear that the glaciation within the geographical limits 
of the present continental mass during Permo-Carboniferous times 
was both terrestrial and marine, probably more of the former than 
the latter, but it is not always possible to say to which of these 
conditions the effects have to be referred. 

Wherever striated pavements occur, the direction of the ice 
movement is seen to have been from south to north. The striated 
pavements in the till, at Wynyard, Tasmania, described by Profes- 
sor David (XXIII, p. 277), shows the direction of flow as N. 30 to 
35 E. In the Bacchus Marsh district, Victoria (at Coimadai), 
described by Officer, Balfour, and Hogg (XVII, p. 326), the direc- 
tion of the striae is from southwest to northeast; and in the same 
district, more to the south and west, Sweet and Brittlebank supply 
similar readings (XVI, p. 378). In the bed of the Inman, South 
Australia, David and Howchin found the glacial striae to vary 
from W. 9I N. to W. 12 N. (VI, p. 117). On a pavement 100 
yards in length, on higher ground to the east of the last named, 
the present writer found the striations to read W. io° N. ; and on 
another polished floor in the neighborhood, at the base of Strang- 
ways Hill, the same reading was obtained. On the other side 
(north) of Strangways Hill, at the head of the Duck's Nest Creek, 
the direction was found to be northwest. At Hallett's Cove, in 
Gulf St. Vincent, 40 miles north of the Inman Valley, Tate, How- 
chin, and David found the general trend of the grooves to be nearly 
north and south (V, p. 316). 

This remarkable agreement in the direction of the striae over 
so great an extent of country is suggestive of the magnitude of the 
ice movements, and also that the center of distribution must have 
been to the south of the present limits of the continent. The 
northwesterly trend of the ice in the Inman Valley district can be 
explained, inasmuch as this sheet was a tributary to the main 
glacier which flowed up what, at present, forms the drowned 
valley of Gulf St. Vincent. 

To the action of land ice may be confidently referred the 
morainic deposits of Wynyard, in northern Tasmania; the deposits 
and glaciated surfaces on either side of the Dividing Range, in 
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Victoria; the ground moraines and extensive roche moutonnee fea- 
tures of Cape Jervis peninsula and at Hallett's Cove, in South 
Australia; the Lochinvar bowlder beds, at the base of the Permo- 
Carboniferous series, in New South Wales; and probably, the 
tillites of the Irwin River district, in Western Australia. The 
last two localities are, respectively, in about 32^° and 29 south 
latitude. In the more northerly localities, as Minilya, in Western 
Australia, situated on the Tropic of Capricorn, and the Bowen 
River beds, of Queensland, which are situated a few degrees within 
the tropics, the evidence is uncertain, and the deposits may have 
been laid down by floating ice. The same thing is also likely to 
have occurred on the south coast of Tasmania, and in some locali- 
ties of New South Wales. Such marine glacial deposits may have 
been synchronous with a partial submergence of the continent, 
following the maximum glaciation, as was the case in the Pleistocene 
glaciation of the Northern Hemisphere. 1 

PLEISTOCENE GLACIATION 
The glaciation that occurred in Australia during Pleistocene 
times was limited to the southeast highlands of the present con- 
tinent and the greatest altitudes in Tasmania. 

NEW SOUTH WALES 

Mount Kosciusko (7,328 feet), on the borders of New South 
Wales and Victoria, is the culminating point of an extensive upland 
plateau, forming the angle or knot, where the meridional moun- 
tains of the eastern coast unite with the occidental mountains of 
the southern coast. At the present time there is no permanent 
snow field in either Australia or Tasmania, although in sheltered 

z Dr. O. Feistmantel, in discussing the question of the correlation of the Permo- 
Carboniferous flora and glaciation as respectively developed in Australia, India, and 
South Africa, says: "But I do not think it was contemporaneous over that whole 
region, and it appears to me that it (the glaciation) set in first in Eastern Australia, 
(New South Wales,) destroying the Carboniferous flora at an early date, while in 
southern Africa we find still a Carboniferous cr Coal measure flora of a higher stage, 
and only thereafter the change of climate appears to have taken place there." — 
"Geological and Paleontological Relations of the Coal and Plant-Bearing Beds of 
Paleozoic and Mesozoic Age in Eastern Australia and Tasmania," Mem. Geol. Survey 
of N.S.W. Pal. No. 3, 1890, p. 181. 
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nooks snow lies on these uplands most of the year, and snow storms 
may occur in the height of summer. At sea level, in the same 
latitude as Kosciusko, the mean annual temperature is about 
59 F., while the present mean temperature of the summit of 
Kosciusko is about 35 F. 

The first definite and unquestionable determination of glacial 
features on Kosciusko was made by Dr. R. von Lendenfeld, in 1884 
(XXXI). Lendenfeld 's observations were limited to the occur- 
rences of roches tnoutonnies and glacier-polished rocks, which he 
found in the Wilkinson Valley, situated between Mount Kosciusko 
and Mount Townsend, at the sources of the River Murray, in the 
upper valley of the Snowy River, and also in that of the Cracken- 
back River. The polished faces were found on prominent surfaces 
(one of them was 3 acres in extent), and was estimated to extend, 
in all, over 100 square miles of country. Lendenfeld believed that 
the lowest altitude of glaciation was 5,800 feet above sea level. 
On account of LendenfekTs observations not being supported with 
collateral evidences, some skepticism was expressed as to the 
existence of true glacial features in the area described by him. 1 

Mr. R. Helms, in a visit to Kosciusko in 1893, supplemented 
Lendenfeld 's observations in several important particulars. He 
noted the glacial topography of the country, with respect to the 
occurrences of flat bottom valleys; glacial moraines, (one of which 
was over a square mile in extent) ; glacially excavated lakes, as in 
the case of Lake Merewether (or Blue Lake); and transverse 
moraines, causing moraine lakes. He placed the lower limits of 
glacial action at about 5,200 feet above sea level (XXXIII). 

More detailed work on the field was done by Professor David, 
(in conjunction with other scientific experts), who visited Mount 
Kosciusko on four separate occasions (1901-8), with the result 
that the question of glaciation of the Australian Alps, within com- 
paratively recent times, has been placed beyond dispute (XXXIV- 
XXXV). 

One important point which these later observers claim to have 
established is that there have been two periods of glaciation on 

1 See a discussion on the subject in Geological Society of London, Quar. Jour. 
Geol. Soc, XLI (1885), Proc. p. 103. 
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the Kosciusko highlands. The earlier one was the more extensive 
and produced " U-shaped valleys, hanging valleys, filled-up lake 
basins, and smoothed rock surfaces"; while the later period has 
left its evidences in "roches .... moutonnees and grooved and 
striated rock surfaces, erratics and perched blocks, terminal and 
lateral moraines." 

The ice-fields were much more extensive on the eastern side 
of the main divide than on the western. 

During the maximum glaciation the ice-sheet extended to at least 12 miles 
N.E. from Mount Kosciusko, and moved in a general S.E. to E.S.E. direction 
from the main dividing range between the Snowy and Murray rivers, toward 
the valley of the Thredbo. By far the greater portion of the ice-sheet, or 
calotte, lay to the S.E. of the main divide, and spread to a distance of probably 
at least, 7 miles at right* angles to the former (XXXV, p. 665). 

The longest glacier occupied the Snowy River Valley and came 
down to 4,500 feet above the present sea level, while "the total 
area covered by the ice-calotte of Kosciusko during the maximum 
glaciation was probably about from 80 to 100 square miles" 
(XXXV, p. 665). During this period the ice-sheet, in places, had 
a thickness of not less than 1,000 feet, "as it was able to cross the 
Snowy Valley and override Charlotte Pass Valley, the whole of 
Spencer's Creek Valley, and plunged over the southeastern edge 
of the plateau into the Thredbo Valley. " 

Smaller glaciers occupied the western side of the divide, 
especially in the Wilkinson Valley, where terminal moraines gave 
rise to Lake Albina; other moraines, more to the southwest, led 
to the formation of Lake May (L. Cootapatamba) and others. 
The glaciers on this side came down about 1,000 feet from the 
summit, or about 6,300 feet above sea level. The reason for this 
difference in the respective sizes of the ice-fields on either side of 
the divide is explained by Professor David on the ground that 
the strong anti-trades (W.N.W.) carried much snow over the crest 
on to the lee side, where the slope of the ground was more gradual 
than on the western, and thereby permitted thicker accumulation 
of neve. 

Some of the more interesting features of the newer glaciation 
are to be found in connection with the Blue Lake (Lake Mere- 
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wether), the largest of the numerous glacially formed sheets of 
water which occur within the limits of the old ice-field. The 
Blue Lake, in the first instance, was formed as a rock basin during 
the earlier glaciation, but took its present form in the later stages. 
Its waters are dammed back on the outlet side by a huge transverse 
moraine, which is about 20 chains wide and rises to a height of 
160 feet above the level of the lake. To test the depth of the 
lake, Professor David, in January, 1906, constructed a coracle on 
the spot, built of gum sticks, American cloth, and wire netting, and 
with this extemporized boat took soundings, which proved the 
lake to be 75 feet in greatest depth. In the following month, 
Professor David returned, accompanied by Mr. Chas. Hedley, of 
the Australian Museum, Sydney, and by means of the same frail 
coracle, obtained dredgings from the bottom, that yielded three 
species of fresh- water annelids. 

The skepticism as to the glacial origin of the smoothed surfaces 
on Kosciusko, which arose in the minds of some of the earlier 
observers, was based on the fact that much of the local rock sur- 
face gave no evidences of denudation, except what was capable 
of explanation by reference to ordinary subaerial agents. It is 
suggested by Professor David, as an explanation of this anomaly, 
that the present roches moutonnees have been protected through 
most of the year and for long ages by coverings of snow; while 
the exposed portions have been weathered into granite peaks 
and tors. The illustrations which accompany David, Helms, and 
Pittman's papers (XXXIV) place the question of a Pleistocene 
glaciation on the highest points of the Australian continent beyond 
all doubt. 

In the determination of the approximate age of the glaciation, 
Professor David and others have fallen back on the data afforded 
by stream erosion since the retreat of the ice. At one place, in 
the Snowy River Valley, there is an old filled-up glacial lake 
(L. Andrews) with a rocky bar on its outlet side. In the U-shaped 
Snowy River Valley, the stream, since the disappearance of the 
glacier, has cut down a V-shaped gorge through a bar of hard 
granite to a depth of 60 feet. David thinks that this work of 
erosion stands for an equivalent of from 50,000 years to 100,000 
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years (XXXV, pp. 663-64), and that the period of maximum 
glaciation might be roughly estimated as occurring from 100,000 
years to 200,000 years ago; but that the newer glaciation is sepa- 
rated from the present day by only some 10,000 years or 20,000 
years. 

TASMANIA 

Physiographically Tasmania belongs to the eastern highlands 
of the Australian continent, from which it became separated by 
the Senkungsfeld of Bass Strait. The island consists of a great 
central plateau having an elevation of from 2,000 feet to 5,000 
feet above sea level. Surrounding this central plateau is a still 
more extensive tableland, with an elevation from 1,200 feet to 
2,000 feet, from which rise important mountain ranges and isolated 
peaks that reach elevations up to nearly 5,000 feet. As, within 
comparatively recent times, the Australian Alps of the mainland 
carried permanent ice-fields at levels below those of the higher 
mountains of Tasmania, it was reasonable to expect that the latter, 
situated some 5 or 6° farther south, would at the same period be 
ice-clad. 

The testimony of early observers with respect to a Pleistocene 
glaciation in Tasmania was somewhat conflicting, and some con- 
fusion arose from the presence of an older glaciation, of Permo- 
Carboniferous age, occurring in close proximity to the newer 
glaciation. 

The first definite evidences of a comparatively recent glaciation 
of Tasmania were obtained by E. J. Dunn and T. B. Moore who 
visited the West Coast Range, in company, in 1892, and published 
separate accounts of their observations in 1894 (XXXVII and 
XXXVIII). The West Coast Range runs north from the inlet 
of Macquarie Harbor, parallel with the coast, from which it is 
distant about 15 miles. The range is drained by the King River 
on its eastern flanks, and by the Queen River on its western. 
These mountains are capped, for the most part, with a very sili- 
ceous conglomerate of supposed Devonian age, which, from the 
nature of the rock, has preserved to the fullest extent such evidences 
of glaciation as occur in the polishing, grooving, and striation 
of rock surfaces. The valleys and lower slopes of the range 
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composed of schists — in which many rock basins have been exca- 
vated varying in size from small tarns up to lakes several miles 
in extent. 

Dunn and Moore found roches moutonnees and striated surfaces 
on the flanks and almost to the very summits of Mounts Tyndall 
(3,875 feet), Sedgwick (4,000 feet), Geikie (3,950 feet), and others. 
Lakes Dora, Margaret, Ruby, and Rolleston lie in the valleys 
surrounding these heights, in the line of the extinct glaciers, and 
owe their existence either to excavated rock basins, or to banks of 
moraine. Lake Rolleston is impounded by a terminal moraine 
which crosses the valley in a high bank, 150 feet above the present 
valley on its eastern end, and 250 feet at its western. Scattered, 
perched, and lineal erratics occupy positions on the hillsides up to 
300 feet above the level of the valley. The moraines are loosely 
and irregularly piled up, carrying stones of all sizes up to 100 tons 
in weight, many of which have been found glaciated and striated. 
The direction of the striae on rock faces vary at different points. 
A main glacier was fed from the north and northwest of Lake 
Rolleston, and the ice found its way down the principal outlet by 
the King River Valley. Another line of ice-flow, mentioned by 
Moore, was down the eastern slopes of Mount Owen, by the 
Linda Valley, and these joined on the main glacier of the King 
Valley. The moraines and other indications of ice movements 
were traced down to levels only 400 feet above sea level. Moore 
estimates that the ice had a thickness up to at least 1,000 feet. 

The accuracy of Dunn 's and Moore 's observations in this field 
were fully confirmed by Professor J. W. Gregory, who, in the 
year 1900, went over the ground and still further increased our 
knowledge of the subject by valuable and independent observa- 
tions. Gregory's original observations were mainly confined to 
the district around Mount Owen (3,800 feet) and Mount Lyell 
(2,744 feet). This observer says that Mount Owen, on its northern 
face, is "strikingly glaciated," and describes extensive moraines 
in the valley of the Linda as well as that of the King. The Gor- 
maston moraine, on the eastern side of Mount Lyell Mine (in the 
upper Linda), takes its name from the township which it carried 
on its surface. It is a mile long by half a mile wide, and attains 
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a height above the Linda Creek of 320 feet. It is a typical glacial 
till. The included bowlders consist mainly of quartzites derived 
from the conglomerates that form the summits of Mount Owen 
and Mount Lyell. Some of the erratics in the till have come from 
a greater distance, as, for example, diabases, which belong to the 
mountain ranges and central plateau farther to the east. 

The West Coast Railway passes through much of the glacial 
country, in its lower altitudes, and has numerous cuttings inter- 
secting moraines. This is especially seen in that part of the line 
situated between Farrell and Zeehan. Some of the erratics at 
Farrel are of great size. One of Devonian Conglomerate, brought 
down by the ice from near the crest of the Ranges, measures 25 
feet in greatest diameter. Gregory obtained from the till several 
distinctly glaciated bowlders. 

As in the case of the Kosciusko glaciation of the mainland, the 
age of this recent glaciation of Tasmania is largely a matter of 
inference based on the physiographical changes that have tran- 
spired in the interval. In its main outlines Tasmania was, at 
that period, very much the same as it is today. From the direction 
of ice-flow, as well as the nature of the transported material, it is 
certain that the principal gathering fields were on the Central 
Plateau, the Eldon Range, and other heights to the east of the 
country examined and described. The freshness of the glaciated 
surfaces and the position, as well as the condition, of the valley 
moraines all point to a relatively recent glaciation, certainly not 
older than the Pleistocene. 

Tasmania, in common with most of Southern Australia, has 
undergone considerable oscillations of level within recent periods. 
The drowned valleys of the Tamar, the Derwent, and Macquarie 
Harbor, as well as Bass Strait, are proofs of subsidence. On the 
other hand there are evidences of recent uplift. Moore's estimate 
that the ice in the King River Valley came down to within about 
400 feet of sea level agrees with that of Gregory's in relation to 
the Pieman Valley. Gregory says: 

The bowlder clays of the Pieman Valley give the lowest level (400 feet 
above the sea) yet proved for the Tasmanian Pleistocene glaciers. It must 
be remembered, however, that there is certain evidence of a recent uplift of 
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this part of Tasmania to the height of several hundred feet, so that some of 
the glaciers may have actually reached sea level (XXXIX, p. 52). 

More extended observations will probably show that in both 
Australia and Tasmania this latest of Australian glaciations was 
much more extensive than at present known. 

In considering the climatic and physiographical conditions of 
Australasia in the Pleistocene period, it is important to take into 
account the greater development of glaciers in New Zealand at 
about that time (XL, XLI). 
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